In a duration analysis, the time of enterprises functioning, i.e. from the foundation to their liquidation, is represented by a random variable. The basic characteristic functions used for time description include: density function, distribution function, survival function and hazard function. The first one ( ) defines the probability of enterprise liquidation in the period denoted as , i.e. in ⟨ * , * + 1) period of time; the second one ( ) expresses the probability of enterprise persistence from the moment of its establishment to the maximum end of the period denoted as , end of ⟨0, * ) period of time; the third one ( ) defines the probability of enterprise survival for longer than the end of the period denoted as , end of ⟨0, * ) period of time; and the last one ℎ( ) assesses the intensity of the process of enterprise liquidation in the period denoted as . The article presents theoretical and practical aspects of determining selected distribution parameters of time duration: the mean duration of enterprises and the mean additional duration of enterprises, which are also used for characterizing patterns of companies' survival. The considerations are supported by calculations of the above-mentioned measures for subsequent cohorts of established enterprises (including the liquidated ones) in Lodzkie Voivodship in the years 2001-2015. 
Introduction
A cohort analysis of enterprises' duration is an analysis of one and the same generation of entities and consists in observation of changes occurring in their structure over time. Cohort tables compile the number of entities which experienced the event of liquidation and the number of entities persisting in subsequent time intervals. On the basis of this data included in cohort tables, apart from basic functions, such as density function -probability of enterprise liquidation; distribution function -probability of enterprise persistence; survival function -probability of enterprise survival and hazard function -enterprises liquidation intensity (Machin et al., 2006) , one can estimate parameters of the distribution of time duration as well as those of the conditional distribution of time duration of enterprises. The parameters of the enterprises' survival process, which take the form of mean duration or mean additional duration of enterprises, complement the above functions and are useful in characterizing patterns of companies' survival.
The aim of this paper is to present theoretical and practical aspects of determining: mean duration and mean additional duration of enterprises based on annual cohort tables. The theoretical considerations will be illustrated with calculations for the established enterprises 
Data characteristics
In this article, the individual data relating to 115.6 thousand enterprises 1 established in Lodzkie Voivodship in the years 2001-2015, which were liquidated by the end of 2015 were used (see: Source: Mikulec, 2017: 43. 2 The REGON register is the only available source of data on established and liquidated enterprises -regardless of the legal form, as by definition, it contains data on all entities of the national economy. Bearing in mind some imperfections of the REGON register, it should be stated that determining the exact size of a defined cohort of enterprises was not possible, hence the obtained data should be treated as a large research sample, see : Markowicz (2012: 103) . 
Year of foundation

Enterprises liquidated
Mean duration and mean additional duration of enterprises
In a duration analysis it is assumed that the enterprise duration is a particular type of nonnegatively determined continuous random variable , ( ≥ 0), which defines the time passing from the moment of the foundation to the moment of a particular event, usually its closing down.
It is a reasonable assumption that at the moment of the establishment of a given enterprise it is not possible to answer the question how long it is going to operate on the market. Bearing in mind that the length of enterprise duration may vary -it changes depending on the type of enterprise, in terms of time and location -hence the objective is not the calendar time but the enterprise's own time (0; ∞). Moreover, it is assumed that the entity can be a focus of the analysis only once - Frątczak et al. (1996: 23-25) ; Markowicz (2012: 34-37) ; Jackowska (2013: 16-28); Frątczak et al. (2014: 37-40) . In order to characterize the enterprises' survival process, apart from the basic functions, different distribution parameters of time duration are used, mainly the expected value (average).
The expected value of a random variable -the mean duration of enterprises -shall be determined by the probability of density function ( * ) or survival function ( * ). In the other case (see: Figure 1 ), the expected value is equal to the area below curve ( * ) in the interval (0; ∞), (Balicki, 2006: 34; Jackowska, 2013: 26) :
On the other hand, the expected value of random variable of additional duration of enterprise on the basis of survival function ( * ) in the interval ( * ; ∞) is derived from formula (Balicki, 2006: 67; Jackowska, 2013: 34) :
In the geometric interpretation (see: Figure 2 ), the mean additional duration of enterprises which survived time * , is equal to the quotient of the area under survival curve point * and ordinate of function ( * ) at this point (Balicki, 2006: 39) . In general, the exact course of the function of the mean additional duration of enterprises (for any * ) is not known, as we do not have an analytic form of function ( * ). Hence, to calculate the expected value we shall use cohort tables of enterprises' duration (non-parametric methods), which contain a discrete estimation of characteristic functions for enterprises' duration.
It shall be noticed that in cohort studies, there occur censored 3 entities which were not liquidated during the time of cohort observations. In order to determine the mean duration and the mean additional duration of enterprises we need modified cohort tables 4 -created on the basis of complete data, i.e. without censored data (see: diagram in Mikulec, 2017: 36) .
For the purpose of the present analysis, it has been assumed that the cohort were the enterprises founded in a given year, which were liquidated (see : Table 1 ) and the time of this event.
5 Enterprises' duration from the moment of their establishment till their liquidation was divided into annual intervals ⟨ * , * + 1), while the beginning of individual intervals is marked with the letter * . As Balicki (2006: 26-27) states, determining the survival model as random variable distribution , ( ≥ 0) results in a representation of any probabilistic function which describes this distribution (or a set of functions). In view of the fact that cohort tables do not provide exact forms of these functions, they are claimed to be based on an overall survival model, and formulas presented below allow us to determine assessment (approximations) of particular functions and distribution parameters of time duration.
If, in a cohort table, +1 is the number of enterprises that survived until the beginning of interval number + 1:
where: = 0,1, … , − numbers of intervals in the table, − the number of entities which survived until the beginning of interval number , that is the time interval ⟨ * , * + 1), and for interval number = 0 ( 0 ) is cohort output size, so the number of enterprises established in a given year, − the number of enterprises liquidated in the interval number , i.e. time interval ⟨ * , * + 1); then the estimator of the mean duration and the mean additional duration of enterprises can be described with one formula:
where ∑ = -the sum of duration of all the enterprises in the cohort in the intervals number = , … , , thus in time intervals ⟨ * , * + 1, … , * ).
For grouped empirical data it is frequently assumed that enterprises leaving the cohortliquidations, spread evenly over each interval. Then, the sum of time survived by the entities in duration interval ⟨ * , * + 1) is:
and is equal to the product of average number of entities, which reached the duration defined in the interval number , thus ( + +1 )/2, and span of this interval 6 .
In the case of annual tables, for each interval number = 0,1, … , the span of time interval = 1, from this we have = ( + +1 )/2. Estimator ̂ can be written then as follows: 
6 Explanation of determining the sum of time survived by entities and its graphical interpretation is presented in Balicki (2006: 59-60). since the number of enterprises that survived until the beginning of interval number + 1 is zero ( +1 = 0), because all of them were closed down, it can be written as:
Substituting in formula (4) or (7) value = 0, we have the assessment of the mean duration of enterprises, and defining value = 1, … , , we have the estimated mean additional duration of enterprises which survived until the beginning of interval number , thus until the beginning of time interval ⟨ * , * + 1).
To sum up, in order to determine the mean duration and the mean additional duration of enterprises on the basis of cohort tables we need to make sure that the analysed individual data concern only established-liquidated enterprises. Otherwise, if the database contains censored observations, the calculated value will not be the mean duration of enterprises, but it will be mean observation time of enterprises. It is also possible to calculate the mean duration of enterprises on the basis of individual data and partial results of survival function estimation using the KaplanMeier method (Kaplan and Meier, 1958) provided we subtract the censored data (Hozer et al., 2008: 29) . The Kaplan-Meier curve by definition takes into account censored observations (Stanisz, 2007: 361) .
Moreover, interpreting the value of mean additional duration of enterprises outlined in literature, one should think of the number of entities. For instance, in the paper by Mikulec (2017: 39-40) , the mean duration of enterprises was presented as well. However, it was calculated on the basis of data on the established entities, which were liquidated, but regardless of the date of their establishment (a bigger number of the companies than in this article). The number of liquidated entities regardless of the date of their establishment is used in constructing cross tables of enterprise duration.
Analysis results
Tables 2 
Source: Author's own elaboration. 
Source: Author's own elaboration.
Reviewing the results of the mean additional duration of enterprises ( * = 1, … ,13) one should notice that in view of the common closing date of observations -31 st December 2015, the results of particular columns in Tables 2-5 are falling -for the entities of duration 1, 2, 3 etc.
Still, there are exceptions, despite the time passing, the mean additional duration of "older"
enterprises from a given cohort is rising, not falling -the shaded values in Tables 2-5 
.
Conclusion
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